Introduction: The aim of this study was to collect retrospective data on the prescription of clopidogrel, describe the conditions of its use in the paediatric population of a tertiary referral hospital, and evaluate its use based on the current scientific evidence.
related to the adjustment of the optimal dose with the aim of achieving antiplatelet aggregation without increasing the risk of adverse effects. © 2018 Published by Elsevier España, S.L.U. on behalf of Asociación Española de Pediatría. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/ licenses/by-nc-nd/4.0/).
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Resumen Introducción: El objetivo de este estudio fue recopilar datos retrospectivos sobre la prescripción de clopidogrel y describir las condiciones de uso en la población pediátrica de un hospital de referencia de nivel terciario y evaluarlas con base en la evidencia disponible.
Introduction
Clopidogrel is a prodrug derived from thienopyridine. It is metabolised by CYP450 to its active metabolite, which irreversibly and selectively blocks the adenosine-diphosphate (ADP) bond to its P2Y12 platelet receptor and the subsequent activation of the ADP-mediated GPIIb---IIIa complex, thereby inhibiting platelet aggregation. 1 As it is administered orally and does not require monitoring of its blood levels or its antiplatelet activity according to its summary of product characteristics, clopidogrel offers an attractive alternative for treatment of paediatric patients at risk of thrombotic events. 2 The PICOLO clinical trial (2008) showed that in children aged 0---24 months, a dose of clopidogrel of 0.2 mg/kg/day achieved a suitable inhibition of platelet function, comparable to the effect observed in adults with a dose of 75 mg/day. 3 Little information has been published to date on the use of clopidogrel in children over the age of 2 years, and the available literature is limited to case series where there were significant differences in the administered doses of clopidogrel (0.2---9 mg/kg/day).
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The aim of this article was to describe our experience with the use of clopidogrel in paediatric patients and the conditions of its use in a tertiary level hospital that is a referral centre for heart surgery and paediatric heart disease, and to evaluate this use based on the current evidence.
Materials and methods
We conducted a retrospective, observational and descriptive study was on the use of clopidogrel in paediatric patients. The study included every patient under the age of 18 years who were discharged from our hospital for home treatment with clopidogrel between March 2010 and March 2017.
We identified patients by searching the electronic prescription database and the register of off-label medication dispensed by our pharmacy department. We reviewed the electronic clinical records using the IANUS ® (the institutional electronic health record database of the Galician Health Service) and the ICIP ® (Philips) applications, collecting data 
Results
We included a total of 11 patients in the study (Table 1) , 5 male and 6 female, with a mean age of 3.1 years (range, 1 month to 8 years). All patients received an oral solution of clopidogrel 5 mg/mL prepared by the hospital pharmacy. Every patient had some type of hemodynamically significant congenital heart disease. The indication for administering clopidogrel was the prevention of arterial thrombotic and thromboembolic events associated with cardiac surgery or catheter-based interventions. Treatment with clopidogrel was initiated after implantation of one or more stents in all patients, with the exception of one patient in whom it was indicated following distal aortic arch reconstruction with anastomosis and sectioning of the ductus.
The prescribed dose was 0.2 mg/kg/day in all patients, with 10/11 patients receiving concomitant treatment with acetylsalicylic acid (mean dose, 4.8 mg/kg/day; range, 3.6---5.8 mg/kg/day) to optimise the antiplatelet therapy. None of the patients received concomitant treatment with anticoagulant agens, and only one patient received treatment with PPIs. The mean duration of antiplatelet therapy was 58 days; median duration: 39 days (range, 24---139 days). No arterial thrombotic or thromboembolic events were documented. There was no record of haemorrhagic complications or other adverse effects associated with the use of clopidogrel. The platelet count remained within normal range in all cases, and none of the patients died during the followup (30 days to 5 years, depending on the patient).
The literature describes two groups of patients that would receive different doses of clopidogrel based on their age: a first group that would include all patients under age 2 years (dose of 0.2 mg/kg/24 h), and a second group including all patients aged more than 2 years (dose of 1 mg/kg/24 h). In our hospital, the prescribed dose of clopidogrel was 0.2 mg/kg/24 h regardless of the age of the patient (6 patients in our study were more than 2 years old).
Discussion
For a clinical practice to be considered adequate, it has to be validated based on objective data on its efficacy and safety. This validation process is based on clinical trials. The need to carry out specific research in the paediatric population stems from the differences in physiological and psychological development relative to adults, which could result in specific responses to treatment and different safety profiles. However, clinical research in paediatrics is hindered by the fact that children are considered a vulnerable group that requires special protection as well as the limited economic appeal of many paediatric clinical trials for the pharmaceutical industry, and off-label prescriptions amount to 30% to 90% of the total in this age group. 9 The main problems caused by the lack of drugs specifically approved for children are the absence of suitable formulations for their correct administration and a lack of data regarding their optimal dose, specific toxicity and longterm safety. In the case of clopidogrel, the current literature recommends two dose ranges depending on whether the child is aged more or less than 24 months.
The dose for newborns and children up to age 2 years recommended in literature (0.2 mg/kg/day) derives from two clinical trials (PICOLO and CLARINET) that included a total of 998 patients. The results of the PICOLO trial showed that a dose of 0.2 mg/kg/day of clopidogrel in children aged 0---24 months achieved adequate inhibition of platelet function, comparable to that achieved in adults with a dose of 75 mg/day (approximately 1 mg/kg/day). In this study, 79% of the included children received acetylsalicylic acid as a concomitant treatment, and none experienced serious haemorrhagic events. 3 The CLARINET trial included children under 93 days of age with cyanotic congenital heart disease and systemic-to-pulmonary artery shunts who were treated with 0.2 mg/kg/day of clopidogrel added to conventional therapy, which included acetylsalicylic acid in 87.9% of the patients. The addition of clopidogrel to conventional treatment did not lead to an increase in efficacy and was associated with a 0.7% increase in the incidence of severe haemorrhage. 4 The dose of clopidogrel suggested for children aged more than 2 years in the literature has been derived from several case reports, with significant differences in the administered doses, which have ranged from 0.2 to 9 mg/kg/day.
Finkelstein et al. carried out a retrospective review of 15 patients (mean age, 3.5 years; range, 6 weeks to 16 years) with congenital and acquired heart disease treated with clopidogrel at doses ranging from 1 to 6 mg/kg/day. They reported no thrombotic events, although one patient experienced gastrointestinal bleeding under triple antithrombotic therapy (clopidogrel, warfarin and acetylsalicylic acid). 5 Soman et al. carried out a prospective study of 17 patients (mean age, 8.8 years; range, 1.5---17 years) that had suffered ischaemic strokes and were treated with clopidogrel because they did not tolerate or respond to treatment with acetylsalicylic acid. The prescribed doses of clopidogrel ranged between 0.5 and 2.4 mg/kg/day. Tw o patients experienced subdural haematomas while receiving treatment with clopidogrel combined with acetylsalicylic acid. 8 In a retrospective study that included 90 patients (mean age, 6.7 years; range, 11 days to 17.9 years) treated with clopidogrel (mainly for cardiac disease), Maltz et al. reported a mean dose of 1.3 mg/kg/day (range, 0.2---8.9 mg/kg/day) and haemorrhagic complications in 4.4%. 2 When it comes to its pharmacokinetics, clopidogrel is quickly absorbed after oral ingestion, reaching its peak plasma concentration 45 minutes after administration. It Table 1 Patients, sex (M = male, F = female), age, diagnosis, treatment (clopidogrel, ASA = acetylsalicylic acid, ACO = anticoagulant therapy, PPI = proton pump inhibitor is estimated that less than 50% of the dose is absorbed (calculated based on the urinary excretion of its metabolites), and is then eliminated by the kidneys (50%) or in faeces (46%). 1 Clopidogrel is a prodrug that has to be metabolised via CYP450 to produce the active metabolite that inhibits platelet aggregation. It is mainly metabolised via two metabolic routes: one that is esterase-mediated, leading to hydrolysis in its carboxylic derivative, and another that is mediated by multiple cytochrome P450 enzymes. The active metabolite, a thiol derived from clopidogrel, is mainly formed by the action of CYP2C19 with the contribution of various CYP enzymes, including CYP1A2, CYP2B6 and CYP3A4. As the action of cytochrome CYP2C19 is required for clopidogrel to be transformed into its active metabolite, we may expect that the greater the patient's enzymatic CYP activity, the more clopidogrel will be activated. Taking into account that the glomerular filtration rate is estimated to be 100---120 mL/min/1.73 m 2 from age 1 year, similar to the rate in adults, 10 and that the expression and activity of the cytochrome CYP enzymes increase with age (from birth until reachingadulthood), 11 we did not find any justification from a pharmacokinetic or pharmacogenetic perspective for the differences in the dosage of clopidogrel based on age recommended in some publications: 0.2 mg/kg/day for children under the age of 2, and 1 mg/kg/day for children over the age of 2.
This does not mean that the pharmacogenetics of cytochrome CYP are not important in the dosing of clopidogrel. There are several studies that demonstrate the relationship between CYP polymorphisms and the antiplatelet activity of thienopyridines. 12---14 As early as 2010, the European Medicines Agency (EMA) already warned that the efficacy of clopidogrel could be reduced with the concomitant use of omeprazole or esomeprazole or other CYP2C19 inhibitors (EMA/174948/2010). There is no doubt that pharmacogenetics and pharmacodynamics are important in the activity of clopidogrel.
We think that a possible explanation for the different doses found in the literature in children older than two years old may be due to the fact that the published studies are case series that include few patients where the existing pharmacogenetic differences in CYP cytochromes could have a significant effect and lead to different outcomes. Clinical trials in paediatric patients aged more than 24 months are needed in order to establish the optimal dosage of clopidogrel and its safety profile in this age group, allowing the development of an evidence-based treatment protocol.
In our study, a dose of clopidogrel of 0.2 mg/kg/day was prescribed to all patients regardless of whether they aged more or less than 2 years, and 10 out of the 11 patients received concomitant treatment with acetylsalicylic acid. We consider the dose of 0.2 mg/kg/day of clopidogrel effective, as no arterial thrombotic or thromboembolic events were documented. We also consider it a safe dose, since none of the patients experienced haemorrhagic complications, and the patients' platelet counts remained within normal ranges throughout the followup. Our study has the limitations intrinsic to a retrospective, observational and descriptive study based on a review of health records in a small population.
Conclusion
In our hospital, clopidogrel is usually prescribed to prevent arterial thrombotic and thromboembolic events associated with heart surgery or catheter-based interventions in patients with complex heart defects. In our experience, clopidogrel administered at a dose of 0.2 mg/kg/day, in most cases in combination with acetylsalicylic acid (mean dose, 4.8 mg/kg/day, range, 3.6---5.8 mg/kg/day) proved to be a safe and effective strategy, regardless of patient age. However, we did not take into account genetic polymorphisms, which may help determine whether a patient may require higher or lower doses. The good tolerance observed in our study could be associated with having adjusted the optimal dose in order to achieve ADP-induced platelet aggregation without increasing the risk of adverse effects. We consider that the optimal dosage of clopidogrel should be determined based on the pharmacokinetic profile of the patient, and not on the patient's age.
